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The correlation between dental caries and the number of oral mutans group streptococci (ms) present has
been shown to be weak. The aim of this investigation was to study associations between caries experience
(decayed, missing, and filled surfaces [dmfs]) and the number of ms in stimulated saliva, with emphasis on the
level of disease and the confounding effect of regular intake of sweets, the presence of salivary lactobacilli, and
oral hygiene. In some 2,700 4- to 5-year-old South African children of different ethnic origins, caries was
diagnosed on the basis of World Health Organization criteria and saliva samples were analyzed for ms after
cultivation on mitis salivarius-bacitracin agar and for lactobacilli by using the Dentocult kit. Oral hygiene was
scored on the basis of the Greene and Vermillion simplified debris index, while data on intake of sweets were
derived from extensive interviews. Pearson's coefficient of correlation was computed, and multiple regression
analysis was performed to correct for confounding factors. The distribution of the children in the eight caries
classes was strongly associated with the ms class (P < 0.001), with those in the lower ms classes generally having
low dmfs scores and those in the higher ms classes having dmfs scores distributed over the whole range. The
r value for the two variables was 0.25 for the total material; this was reduced to 0.18 by correction for
confounding factors. The corresponding values for children with caries were 0.21 and 0.17, for those in the 1
to 6 dmfs interval they were 0.07 and 0.03, and for those in the 7 to 81 dmfs interval they were 0.16 and 0.14.
The data imply that the explanatory values of ms, those for the lower caries interval not counted, ranged from
6 to 2%. The unexpected results for children with caries might be due to their distribution pattern. It is
concluded that there is a need for reevaluation of ms as a risk factor in dental caries.

Mutans group streptococci have been said to be strongly
associated with dental caries, particularly in the initial phase
of development of the disease (9, 10, 15, 25). Results from
studies on animals support such a theory (1, 5, 28), which is
widely accepted by the scientific community. A large num-
ber of clinical studies have further reported positive associ-
ations between caries prevalence or incidence and the num-
ber of mutans group streptococci in stimulated saliva or
dental plaque, both at group levels and in correlation studies
with r values ranging from very low up to about 0.35.
Sullivan et al. (21) reviewed this literature but questioned the
clinical significance of bacterial counts at group levels. They
also indicated that interpretation of results of statistical
significance in correlation studies might have been exagger-
ated. In their own study, one group of Swedish children was
examined yearly from ages 5 to 7 and another group was
examined from ages 12 to 14. Coefficients of correlation were
computed before and after correction for the confounding
effects of oral hygiene and lactobacilli by subgroup analysis.
The study showed the association between caries incidence
and bacteria in saliva to be weak at the individual level. The
variation of caries could, at most, be explained to only 6% by
variation of the mutans group streptococcal count, a value
that was considerably reduced after correction for the two
confounders.
The numbers of subjects in the study groups of Sullivan et

al. (21) were only 87 and 118, as a result of which some
subgroups were quite small. In a recent study (7), we
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therefore analyzed four large samples of 4- to 5-year-old
South African children from three ethnic groups, about 700
in each, to see whether the figure of 6% could be improved.
In simple linear correlations between caries prevalence and
mutans group streptococcal counts, the explanatory values
were between 3 and 11%. In multiple regression analyses
that included five other potential etiological factors, the
values were reduced, ranging from 2 to 6% as a result of
interaction between the independent variables.
Convinced that the correlation between caries and mutans

group streptococci is weak, even for large numbers of
subjects, we felt that the next step, after pooling of all
children, since little variation between the ethnic groups was
found, would be to examine different groups with caries, i.e.,
after exclusion of caries-free individuals. It could be that the
correlation between caries and mutans group streptococci is
higher in such groups, particularly if the subjects are in a
caries-active stage. Furthermore, since lactobacilli and oral
hygiene were the only additional factors that had shown a
statistically interesting association with mutans group strep-
tococci (7), it could be of value to include these factors in the
study of the different caries groups, as well as regular intake
of sweets and snacks, which has also proved to be related to
mutans group streptococci (23).
The purpose of the present study was thus to examine

associations between caries prevalence and salivary mutans
group streptococcal counts in preschool children, with par-
ticular emphasis on the level of disease and the confounding
effects of regular intake of sweets, the presence of salivary
lactobacilli, and oral hygiene, by using the same large data
base as previously.

66



DENTAL CARIES AND SALIVARY MUTANS STREPTOCOCCI 67

MATERIALS AND METHODS

Subjects. In 1984, 2,728 South African preschool children,
all living within areas with fluoride present at 0.2 to 0.33 ppm
in the drinking water and aged 4 or 5 years at their last
birthday, were examined for dental caries and a number of
potentially related factors. The sample comprised rural black
children (n = 671) living in the Gelukspan district of Bo-
phuthatswana some 350 km west of Johannesburg; urban
black children (n = 758) from Soweto, 16 km southwest of
Johannesburg; urban Indian children (n = 588) from Lena-
sia, 35 km southeast of Johannesburg; and urban white
children (n = 711) from Johannesburg. All descriptive data
are available as a technical report by the South African
Medical Research Council (3).
Because of the young age of the subjects, those with caries

were considered to be a caries-active group, although the
data were from a prevalence study, particularly since caries
was mostly untreated.

Dental caries. The children's teeth were examined with a
mirror and a sharp probe on the basis of World Health
Organization (26) diagnostic criteria after prior calibration of
examiners to a 90% or greater modified percentage of
reproducibility (18) by using extracted teeth mounted in
plaster blocks (4). In the field, 10% of the sample was
re-examined and it was found that the diagnostic reproduc-
ibility was maintained. The World Health Organization
diagnostic criteria imply that only manifested carious lesions
are registered, in practical terms, cavitation, to avoid the
uncertain diagnosis of early precavitation stages of dental
caries under field conditions. Caries was expressed as de-
cayed, missing, and filled surfaces (dmfs).

Salivary mutans group streptococci. Each child chewed a

1-cm cube of sterile paraffin wax. The saliva secreted during
the first minute was swallowed, and thereafter saliva was

collected in a sterile jar. By means of a sterile disposable
syringe, a 1-ml aliquot was removed in a portable laminar-
flow cabinet and injected into a sterile tube with VMG II
transport medium (16). After this, the specimens were

placed in cool bags containing ice packs. The Lenasia,
Soweto, and Johannesburg specimens were processed on the
same evening, and the rural specimens were stored in a hotel
cold room and processed within 2 to 3 days. The suspension
was diluted in 10-fold steps in 0.02 M sodium phosphate
buffer (pH 7.2) with 0.4% (wt/vol) NaCl. From suitable
dilutions, cultivation was performed on mitis salivarius-
bacitracin agar (6). Incubation at 370C for 2 days was done in
95% nitrogen-5% carbon dioxide. CFU with morphology
characteristic of mutans group streptococci were counted
and expressed as numbers of CFU per milliliter of saliva.

Regular intake of sweets and snacks. Data on intake of
sweets were derived from extensive interviews regarding
nutrient intake and dietary habits (3). Parents or other adults
accompanying individual children were asked about the
children's recent weekly frequency of intake of sweets. Care
was taken not to ask leading questions. The interviewers
were skilled in this technique and able to speak the languages
of those being interviewed. Sweets included chocolate,
toffees, and candy, and snacks consisted of cake, biscuits,
and ice cream.

Salivary lactobacilli. For lactobacillus scores, the pre-
packed Dentocult (Orion Diagnostica, Helsinki, Finland)
was used (14). Dentocult is a dip slide method for evaluation
of salivary lactobacillus counts designed for routine clinical
use. The slide is covered with an agar substrate on both
sides. Each slide was used for two children, one per side,
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and cultured at room temperature (approximately 22°C) for 4
days. Lactobacillus scores were estimated from the compar-
ison scale provided by the manufacturer. The scores (in
microbes per milliliter of saliva) were as follows: 1, 1,000; 2,
10,000; 3, 100,000; 4, 1,000,000.

Oral hygiene. The simplified debris index (DI-S) of Greene
and Vermillion (8) was used to determine the oral hygiene
(amount of dental plaque) of all children. The following four
scoring levels were used: 0, no soft deposits or extrinsic
stain; 1, soft debris covering not more than one-third of the
tooth surface or presence of extrinsic stain without debris
regardless of the surface area covered; 2, soft debris cover-

ing more than one-third but not more than two-thirds of the
surface; 3, soft debris covering more than two-thirds of the
surface.

Analysis of data. All data were analyzed in an IBM 3083 J
24 computer by using Statistical Analysis System software
(19). Simple correlation analyses between dmfs and mutans
group streptococcal counts were performed for the total
material and for three caries intervals (1 to 81, 1 to 6, and 7
to 81 dmfs). Pearson's coefficient of correlation was com-

puted, and interdependence between the two variables was
tested at class levels by using chi-square analysis. Multiple
regression analyses were performed on all intervals to cor-

rect for the confounding effects of regular intake of sweets,
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FIG. 2. Salivary mutans group streptococcal counts (104 CFU/
ml) among 2,728 4- to 5-year-old children; 152 values were missing.
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TABLE 1. Caries prevalence and salivary mutans group streptococcal counts in 2,728a 4- to 5-year-old childrenb
Bacterial count class No. (%) of children in the following dmfs class:

(104 CFU/ml Total (%)
of saliva) 0 1-6 7-12 13-18 19-24 25-36 37-54 55-81

0 326 (48.9) 217 (32.5) 61 (9.1) 25 (3.7) 12 (1.8) 8 (1.2) 14 (2.1) 4 (0.6) 667 (100)
>0-10 521 (33.5) 592 (38.0) 215 (13.8) 91 (5.9) 55 (3.5) 39 (2.5) 36 (2.3) 8 (0.5) 15 (100)
>10-20 23 (12.4) 59 (31.7) 26 (14.0) 21 (11.3) 24 (12.9) 15 (8.1) 12 (6.5) 6 (3.2) 186 (100)
>20-50 12 (11.0) 28 (25.7) 14 (12.8) 18 (16.5) 12 (11.0) 15 (13.8) 7 (6.4) 3 (2.8) 109 (100)
>50-100 3 (7.0) 14 (32.6) 8 (18.6) 5 (11.6) 2 (4.7) 4 (9.3) 5 (11.6) 2 (4.7) 43 (100)
>100-211 2 (14.3) 2 (14.3) 2 (14.3) 2 (14.3) 2 (14.3) 2 (14.3) 2 (14.3) 0 (0) 14 (100)

Total 887 912 326 162 107 83 76 23 2,576
a A total of 152 values were not included in this analysis.
b The chi-square test (df, 35) was used, P < 0.001.

presence of salivary lactobacilli, and oral hygiene. A 5%
significance level was used for all statistical tests.

RESULTS

The distribution of caries is presented in Fig. 1, and that of
mutans group streptococci is presented in Fig. 2. Both
variables were typically skewed. About 70% of the children
had c6 dmfs, and 60% had detectable mutans group strep-
tococci at 105 CFU/ml of saliva. In Table 1, the data on the
children are cross-tabulated with regard to the two variables.
While the distribution in caries classes was extremely
skewed for bacterium class 0, there was a uniform distribu-
tion for the highest bacterium class. Statistically, the inter-
dependence between the two variables was highly significant
(P < 0.001).
Table 2 shows the correlation between the two variables

for different caries intervals before and after correction for
confounding factors. The highest r value (0.25) was for the
total material before correction, and the lowest (0.07) was
for the 1 to 6 dmfs interval. The r values were all reduced by
13 to 57% after correction. All r values but one were
statistically significant.

DISCUSSION

Estimation of the number of cariogenic bacteria in stimu-
lated saliva has been used for prediction of dental caries for
decades. It has been considered a reasonable measurement
of the microbial load of the entire dentition, since saliva does
not contain cariogenic bacteria per se, and a more practical
measure in the clinical situation than sampling of bacterial
plaque from tooth surfaces.

This study of preschool children confirms the finding in
recent incidence studies of 5- to 7- and 12- to 14-year-olds
(21) and of 15- to 18-year-olds (23) that only 6% of the
variation of caries can be explained by the variation of

salivary mutans group streptococci in randomly selected
materials. This value was further reduced to 3% after cor-
rection for the confounding effects of intake of sweets,
presence of salivary lactobacilli, and oral hygiene, which
also is in accordance with the above-mentioned studies.
The remarkable result was that the correlation value for

caries and mutans group streptococci was lower in the 1 to
81 than in the 0 to 81 dmfs interval and even lower in the 7
to 81 dmfs interval. It might be due to the more skewed
distribution of subjects in dmfs classes for lower bacterium
classes than for higher bacterium classes. This implies that
low counts of mutans group streptococci are more indicative
of low caries levels than high bacterial coun'ts are of high
levels, a conclusion that also can be derived from prediction
studies. Almost invariably, specificity values are higher than
sensitivity values (12, 17, 20, 22, 24). The explanatory value
(r2) of mutans group streptococci ranged from 2 to 3% after
correction for confounding factors (excluding those children
with dmfs scores of 6 or less).
High explanatory values for etiological factors are neces-

sary for successful prediction, which in turn is a prerequisite
for drawing up efficient individualized preventive programs.
Unfortunately, all generally accepted factors in dental caries
seem to show low explanatory values in observational
studies compared with what is expected from many experi-
mental investigations of humans, as well as from others
using animal systems. Kingman (11) claimed that just one-
third of the 3-year caries increment is accounted for by
commonly acknowledged risk indicators in classical regres-
sion models. Prevalence studies report figures ranging from
12 to 25% (7, 23).
The above data are disappointing, particularly for mutans

group streptococci, which have been regarded as a key
factor in the occurrence of dental caries ever since the
epoch-making work of Fitzgerald and Keyes (5) in 1960,
which showed that rodents fed a sugary diet have to be
infected with certain streptococci to develop caries. It is true

TABLE 2. Correlation between caries prevalence and salivary mutans group streptococcal counts in 2,778 4- to 5-year-old childrena
Value before correction Value after correction

dmfs interval No. of
missing

vlue
chidrePeroosf~ No. of valueschildren Pearson's r P missi children Pearson's r P (partial) missing

0-81 2,552 0.25 0.0001 0.06 52 2,548 0.18 0.0001 0.03 180
1-81 1,689 0.21 0.001 0.04 91 1,675 0.17 0.0001 0.03 105
1-6 912 0.07 0.05 0.005 38 904 0.03 0.304 0.0009 46
7-81 777 0.16 0.001 0.03 53 766 0.14 0.0001 0.02 64

a Correction was for the confounding factors regular intake of sweets, presence of salivary lactobacilli, and oral hygiene.
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TABLE 3. Interrelationship between mean mutans group streptococcal counts, caries prevalence, and weekly frequency of intake of
sweets and sweetened drinks, food, and snacks in four groups of 4- to 5-year-old South African childrena

Group No. of children (104 CFU/ml of saliva [SD]) Mean no. of dmfs (SD) Meanweekly frequency of

Rural black 671 3.98 (14.06) 3.6 (7.1) 27.5 (11.0)
Urban black 758 7.11 (16.35) 6.8 (10.0) 35.8 (16.7)
Urban Indian 588 8.39 (18.23) 12.4 (14.9) 50.8 (20.3)
Urban white 711 2.74 (8.60) 5.9 (10.2) 52.9 (23.7)

a The data are from reference 3.
b MS, mutans group streptococci; some values are missing.
c Sw, sweets and sweetened drinks, food, and snacks; some values are missing.

that for humans, group mean values usually correspond to
caries mean values and also to intake of sugar-containing
products, which is demonstrated in Table 3, although high
counts of bacteria have been found in younger teenagers
with low caries prevalence (2). Consumption of sucrose has
been said to facilitate oral implantation of mutans group
streptococci in humans (13). At the individual level, how-
ever, Sundin and Granath (23) reached a coefficient of only
0.34 for the correlation between the number of salivary
mutans group streptococci and the frequency of regular
intake of sweets.
There are a few studies indicating that higher correlation

figures might be obtained in selected groups. Thus, Zickert
et al. (27) found an r value of 0.53 for the correlation between
the 3-year caries incidence in a group of children initially
aged 13 to 14 years and the duration of mutans group
streptococcal colonization above a threshold value of
250,000 CFU/ml of saliva. Furthermore, Sundin and Granath
(23) calculated an r value of 0.57 for the caries incidence in
22 teens from 15 to 18 years of age and the mean values of
their respective salivary counts of mutans group strepto-
cocci estimated at the start and at the end of the period. All
22 children were characterized as having poor oral hygiene
and a high regular intake of sweets, thereby constituting a
high caries risk group. The generality of these results is,
however, not clear.
The overall low predictive power of mutans group strep-

tococci in randomly selected groups, accentuated in subjects
with caries, speaks for the need for some kind of re-
evaluation of this risk factor. First of all, the multifactoriality
of the disease, including the potential action of several
species of acidogenic and aciduric microorganisms, should
be seriously considered. A unique specificity of mutans
group streptococci has never been proved in observational
studies. Another aspect is that the way we sample and
estimate the bacteria might not be representative with regard
to the role they play in the complicated ecology of dental
plaque. Both aspects should challenge the scientific commu-
nity.

REFERENCES

1. Bowen, W. H. 1968. Dental caries in monkeys. Adv. Oral Biol.
3:185-216.

2. Carlsson, P., I. A. Gandour, B. Olsson, B. Rickardsson, and K.
Abbas. 1987. High prevalence of mutans streptococci in a

population with extremely low prevalence of dental caries. Oral
Microbiol. Immunol. 2:121-124.

3. Cleaton-Jones, P., L. Granath, and B. D. Richardson (ed.). 1991.
Dental caries, nutrient intake, dietary habits, anthropometric
status, oral hygiene, and salivary factors and microbiota in
South African black, Indian and white 4-5-year-old children.
Descriptive data from a survey in 1984. South African Medical
Research Council technical report, p. 1-211. Medical Research

Council, Parowvalley, Republic of South Africa.
4. Cleaton-Jones, P., J. A. Hargreaves, L. P. Fatti, H. D. Chandler,

and E. S. Grossman. 1989. Dental caries diagnosis calibration
for clinical field studies. Caries Res. 23:195-199.

5. Fitzgerald, R. J., and P. H. Keyes. 1960. Demonstration of the
aetiologic role of streptococci in experimental caries in the
hamster. J. Am. Dent. Assoc. 61:9-19.

6. Gold, 0. G., H. V. Jordan, and J. Van Houte. 1973. A selective
medium for Streptococcus mutans. Arch. Oral Biol. 18:1357-
1364.

7. Granath, L., P. Cleaton-Jones, L. P. Fatti, and E. S. Grossman.
1991. Correlations between caries prevalence and potential
etiological factors in large samples of 4-5-year-old children.
Community Dent. Oral Epidemiol. 19:257-260.

8. Greene, J. C., and J. R. Vermillion. 1964. The simplified oral
hygiene index. J. Am. Dent. Assoc. 68:7-13.

9. Hamada, S., and H. D. Slade. 1980. Biology, immunology, and
cariogenicity of Streptococcus mutans. Microbiol. Rev. 44:331-
384.

10. Ikeda, T., H. J. Sandham, and E. L. Bradley, Jr. 1973. Changes
in Streptococcus mutans and lactobacilli in plaque in relation to
the initiation of dental caries in negro children. Arch. Oral Biol.
18:555-566.

11. Kingman, A. 1990. Statistical issues in risk models for caries, p.
193-200. In J. V. Bader (ed.), Risk assessment in dentistry.
University of North Carolina, Chapel Hill.

12. Kingman, A., W. Little, I. Gomez, S. B. Heifetz, W. S. Driscoll,
R. Sheats, and P. Supan. 1988. Salivary levels of Streptococcus
mutans and lactobacilli and dental caries experiences in a US
adolescent population. Community Dent. Oral Epidemiol. 16:
98-103.

13. Krasse, B., S. Edwardsson, I. Svensson, and L. Trell. 1967.
Implantation of caries inducing streptococci in the human oral
cavity. Arch. Oral Biol. 12:231-236.

14. Larmas, M. 1975. A new dip-slide method for the counting of
salivary lactobacilli. Proc. Finn. Dent. Soc. 71:31-35.

15. Loesche, W. J., J. Rowan, L. H. Straffon, and P. J. Loos. 1975.
Association of Streptococcus mutans with human dental decay.
Infect. Immun. 11:1252-1260.

16. Moller, A. J. R. 1966. Microbiological examination of root
canals and periapical tissues of human teeth. Methodological
studies. Ph.D. thesis. Akademiforlaget, Gothenburg, Sweden.

17. Newbrun, E., T. Matsukubo, C. I. Hoover, R. C. Graves, A. T.
Brown, J. A. Disney, and H. M. Bohannan. 1984. Comparison of
two screening tests for Streptococcus mutans and evaluation of
their suitability for mass screenings and private practice. Com-
munity Dent. Oral Epidemiol. 12:325-331.

18. Shaw, L., and J. J. Murray. 1975. Inter-examiner and intra-
examiner reproducibility in clinical and radiographic diagnosis.
Int. Dent. J. 25:280-288.

19. Statistical Analysis System Institute, Inc. 1985. SAS/STAT user's
guide, version 6, 5th ed., vol. 2, p. 891-996. Statistical Analysis
System Institute, Inc., Cary, N.C.

20. Stecksen-Blicks, C. 1985. Salivary counts of lactobacilli and
Streptococcus mutans in caries prediction. Scand. J. Dent. Res.
93:204-212.

21. Sullivan, A., L. Granath, and J. Widenheim. 1989. Correlation
between child caries incidence and S. mutans/lactobacilli in

VOL. 31, 1993



70 GRANATH ET AL. J. CLIN. MICROBIOL.

saliva after correction for confounding factors. Community
Dent. Oral Epidemiol. 17:240-244.

22. Sullivan, A., and U. Schroder. 1989. Systematic analysis of
gingival state and salivary variables as predictors of caries from
5 to 7 years of age. Scand. J. Dent. Res. 97:25-32.

23. Sundin, B., and L. Granath. 1992. Sweets and other sugary
products tend to be the primary etiologic factors in dental
caries. Scand. J. Dent. Res. 100:137-139.

24. Swensson, J. I., W. F. Liljemark, and L. M. Schuman. 1976. A
longitudinal epidemiologic evaluation of the association be-
tween the detection of plaque streptococci and development of
dental caries in children, p. 211-222. In H. M. Stiles, W. J.
Loesche, and T. C. O'Brian (ed.), Microbial aspects of dental

caries. Special supplement to Microbiology Abstracts. Informa-
tion Retrieval Inc., Arlington, Va.

25. Van Houte, J. 1980. Bacterial specificity in the etiology of dental
caries. Int. Dent. J. 30:305-326.

26. World Health Organization. 1977. Oral health surveys, p. 37-41.
Basic methods, 2nd ed. World Health Organization, Geneva.

27. Zickert, I., C. G. Emilsson, and B. Krasse. 1983. Correlation of
level and duration of Streptococcus mutans infection with
incidence of dental caries. Infect. Immun. 39:982-985.

28. Zinner, D. D., J. M. Jablon, A. P. Aran, and M. S. Saslaw. 1965.
Experimental caries induced in animals by streptococci of
human origin. Proc. Soc. Exp. Biol. Med. 118:766-770.


